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FLIGHT ~S (X THE LATERAL AND DIRECTIONAL

STABIIZI’YAND CONTROL C~ICS OF M?

AIRPUNE HAYING A 35° SWEFTBACK WING WITH

40-HZWENT+PAN SLOTS AND A C@fPARISON

By S.

Flight tests have

WITH ~ DATA

A. S~oberg smd J. P. Reeder

SUMMARY

been conducted to determine the lateral and direc-
tional stability and control characteristics of an airplane on which the
wing
with
wing
of a
data

. down

panels sre swept back 35°. For these tests, the wings were equipped
slots extending from 40 to 80 percent of the span of the sweptback
panels measured from the inboard end. Wind-tunnel tests were mad.
model of the airplene end wherever possible the flight and wind-tumel
have been compared.

The Mrectlonal stability was found to be positive with flaps up or
at ell sDseds tested. A lemze increase in dihedral effect with

decrease in sfied was noted, end ;he agreemept between fl@ht and wind-
tunnel measurements of dihedral effect was excellent except at high.
norml-fcmce coefficients. Oscillations of the airplane end rudder
resulting frcunabrupt deflactiam and release of the rudder were satis-
factorily damped in all cases. The rolling motions involved in the oscil-
lations were greater than normal, however, and the aflerons tended to
float in phase @th the sideslip angle. Flight and wind-tunnel measure-
ments of the aileron rolling effectiveness expessed by the rate of change

/
of the rolMn~nt coefficient with total aileron =gle dCz daa we=

in excellent agreement. The msximum values of the wing-tip helix engle
pb/2V reached in rudder fixed aileron rolls were low. At low speed the
high dihedral effect caused a considerable reducticm in the values of
pb/2V that could be obtained.

12?I’ROIXKXION
.

Flight tests ere being conducted at the Lmgley Laboratory of the
. NACA to determine the low+peed stability and control characteristics of
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an alrplaae having a 35° sweptback wing. This paper presents the lateral.
and Mrectfonal stability end control characteristicswith slots alcng
kO percent of the span of the sweptback wing panels. These slots extended
from bo percent to & percent of the span of the sweptback wing panels
measured from the inbosrd end. Wherever possible the flight results

are coqpared with results obtained on a ~-scale model of the airplane
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Lengl.ey 300 WE 7- by 10+oo-t tunnel.

COEFFICIENTS AND SYMBOLS

‘--’mce C*’f’c’en’ (!w/’cs)

acceleration normal to thrust axis, gravitational

airplame weight, pounds

impact pressure, pounds per equare foot

wing area, square feet

total aileron angle, degrees

rudder angle, degrees

sideslip angle, degrees

()
roll.in~nt cmff icient L /qcSb

(/ )
yawin&amment coefficient N ~Sb

rolling moment, foot-pounds

yawing moment, foot-pounds

wtng span, feet

angle of yaw, degrees

wi~tip helix angle, radiana

rate of change of rollin~oment ccefficient with

P)
tip helix angle (dCz 2V’

1,
true airspeed, feet per second

roll.lngvelocity, radians per second

units
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The airplane tested has the outer wing panels sweptback 35° at the
quarter-ch~ ltie. A three-view drawing of the test airplane ie shown
as figure 1 end general dimensions are Msted in table 1. Figures 2 and 3
are photographs of the airplane. Wing slots which extended from 40 percent
to 80 percent of the span of the sweptback wing panels, measured from th
inboard end, were installed on the airplane for the present tests. A cross
secticm of the slot and the faward pert of the wing in a plane normal to
the wing leading edge is ehown in figure 4.

The main landing ge= of the airplane could not be retracted. The
nose gear was retracted for the fla~p tests and extended for the flaw
down tests. The variation & aileron position with stick~ip position
is shown in figure 5 and the variation of rudder poeitiun with rudder-
pedal position is shown in figure 6. Because of structural limitations,
the airplane was restricted in sideslip. The nmzimum allowable side-
slip an-@e varied from 15° at 130 miles per
ham .

INSTRUMENTATION

hour to 7° at 200 mfles per

The following instrummts were installed in the airplane:

NACA instrument
———

Timer

Airspeed recorder

Control-position recmders

Control-fcxce recorders

Sidesli~gle retarder
indicatm

Recording inclinometer

Recardlng acoeleraneter

z~elocity retarders

Free+ir temperature Indicata

Measured quantity

T- (f~ synchronizing all reccrds)

Airspeed

Aileron, rudder, and elevata positions

Pedal and stick fcrces

Sldeslip angle ‘

Angle of bank

Normal= longitudinal, and transverse
accelerations

Rolling and yawing velocities

Temperature .
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Airspeed was measured with a swiveling static head mounted cm a bocm
1 chord ahead of the right wing tip end a shielded total head mounted
below the same bccun. The airspeed installationwas cal.lbratedby means
of a trailing airspeed head. Airspeed as used herein is calibrated.
airspeed, whioh corresponds to the reading of a standard Army-Navy airs~ed
meter connected to a pitot+tatic system free from position error.

Sideslip angles were meamred with a vane mounted on a boom 1 chcmd
ahead of the left wing tip. In order to determine whether angularity M
flow at the wing tip caused errors in the measured sideslip angles, a
calibration flight was tie with vanes mounted 1 chard ahead of both
wing tips. The average of the two readings was ass-d to be the correct
sideslip angle. These tests showed that the angularity-of flow varied
frcm approximately 0.2° outflow at 110 miles per hour to 1.OO outflow
at 200 miles per hour and that the angularity of flow was independent of
sideslip angle. A correction has bee=
anglee to account fcm this effect.

Aileron and rudder positions were
and the elevatcm position was measured
f%rward of the elevatar.

TESTS, REsULTS, AND

applted to the measured-sideslip

measured at the control surfaoes,
on the control cable about 8 feet

DISCUSSION

The lateral and directional stability and control characteristics
were measured in steady sideslips, directional oscillations,rudder kicks,
emd aileron rolls. In order to ensure that propeller operation would not
mask any effects of sweepback= ell the tests except ailercm rolls were
made with the engine idling. Aileron rolls were -S with power for
level flight as it expedited the tests, and power effects on the aileron
rolling effectiveness were expected to be negligible.

Steady Sideslips

The static lateral and directional stability and control characteris-
tics as ~asured in steady sideslips we shown in figure 7 for the flap-up
conditia end in figure 8 for the flapdown condition. In the sldeslip
at Vc = 114 miles per hour (fig. T(a)), the sideslip+ngle range which
could be covered was restricted in a right sidesllp both by the available
aileron deflection end wing stalling and in a left sideslip by wing
stalling.

The tits
stabflity, as
with sideslip

,“

show that the rudder+ixed and rudder+ree directicmal
measured by the varlatim of rudder angle and rudder force
angle, is positive with flaps up or down at all test speeds.
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Inspection of the ailerommgle and aileron-force curves of
figures 7 and 8 shows a large increase in dihedral effect with decrease
in speed.

This increase Is shown more clearly in figure 9, where the variatim
of aflercm angle with sideslip angle d~aid$ is plotted against ncu’mal-
furce coefficient CH.. The values of d~a d$ were mea8ured at zero

I
sldeslip angle. The pilot raised mild objections to the high dihedral
effect which was present at low speeds because, in making lending
approaches and landings, large lateral trim changes accompanied
rudder movements. Figure T(e) shows that the stick-free dihedral effect
was negative at the highest speed testeds 1S8 miles per hour. The
pilot ob~ected to this condition, which at higher speed would probably
beccznemore pcnounced.

Sideslips were also @e in the flap-up, engine-idling ccndittcns
tith the airplane asymnstrically losded. These flights were made by
using gasoline fi- the nose tank with one wing tank full smd the other
wing tank empty. This errangemmt resulted in rolling moments about the
center line of the airplane of approx-tely S200 fco+pmnds. This
rolling mcment is believed accurate to within tiOO foot-pounds.
Figure 10 shows the variation of aileron angle with sldeslip angle at

r different speeds with the as-trio loadings.

In figure 10 at zero sldeslip angle, the rolling moment due to the
asxric load is balenced by the aileron deflections given. Therefare,
the veriaticm of rollin~nt ccefftctent with aileron deflecticm me#
be obtained and this veriation is shown in figure U as the change in
rolli~nt coefficient with change in aileron deflection. Figure U
also includes data obtained in the Langley 300 MPH T-by lo-foot tunnel
on the mcdel of the airplane. The wind=hmnel data ~esented are for
the model with slots along the outer 80 percent cf.the span of the rniepb
back wing panels. Sam wind-tunnel tests were made without slots on the
model. A ccsapariscnof these data with those obtained with slots on the
model showed that slots had anegligfble effect on the aileron effective-
ness except at llft coefficients close to the stall. The agreement between
the flight data -d the wind-tunnel data is excellent.

At the sideslfp angles at which the ailercm angle is zero in figure 10,
the roUing mamnt due to the asymmetric load is balanced by the rolling
moment due to sideslip. The variatian of rollin&+ncanentccwfficient with
sideslip angle was thus obtained for verious speeds and these data we
presented in figure 12. For convenience in nu%kinga comparison with wind-
tunnel data, the rolli~nt coefficients have been plotted against yaw
angle rather tham sideslip mgle in figure 12. The yav angle is
numerically equal to the sideslip angle but is C& the opposite sign.
In figure 13, the variation of dCz/d$ with norm%l<ace inefficient as
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measured in flight is compared with the wind-tunnel results. Small
differences between the flight and tunnel data ~ be expected frcm
several sources. The wind-tunnel model differed slightly fram the
airplane in these tests in that on the model the outboard end of the
40-percent slots was at the wing tip and cm the airplane the outboard
end of the slots was boated 20 percent of the span .ofthe sweptb=k
wing panels inboard of the wing tip. The flight values of dC1/d*

given in figure 13 cover a considerably larger range of yaw an~es than
the wind-tumnel values; however, the flight data are nearly linear
through zero yaw. In the normal-farce-coefficientrange In which both
flight end wind=tunnel data are available, the agreement is good. No
direct comparison of flight and wind-tunnel =asuremmts of dihedral
effect and aileron effectiveness are available above a ncmmal-fcrrce
coefficient of O.gh since sldeslips with the airplane asymmetrically
leaded were not made above this nwmal-face coefficient. The data
of figure 9 show that the dihedral effect, as measured by d8a~d~, i$

,
still increasing at a ncrnml-fmce coefficient of 1.02, but the wind-
tunnel data of figure 13 show that the dihedral effect is decreasing abwe
a ncznwal-fmce coefficient of appraimatel.y 0.97. Since the data were
obtained near the meximum na+orce coefficient of apprcdxaately 1.10,
a decrease in aileron effectiveness ~ have cecurred because of stalli~.
This decrease could account for the tendency of the value of dba d~
to increase in the flight tests.

/
Tuft pictures indicate that the flow

over the ailerons was quite unsteady neax the stall. Also, the decrease
in dihedral effect at high normal-force coefficients shown by the wind-
tunnel measurements may be due to the relatively low Reyoolds number at
which the data were obtained.

Dynamic Dlrectlonal Stability

“ The dynamic directional stability characteristicswere investigated
by abruptly deflecting and releasing the rudder and recording the
resulting oeoillation. Time histories of these memeuvers using both left
and right rudder deflections are shown in figures 14 and 15 far the
flap-up, engine-idling condition and in figure 16 for the flafiown,
engine-idllng condition. In the oscillations at approximately 120 miles
per hour (fig. 14) the pilot-attempted to hold the stick fixed because
insufficient elevator trim tab was available to trim the elevator stick
force to zero. In the oscillations at apprazimately 130 miles per hour
(fig. 16) the elevator stick farce could still not be trimmed to zero,
but in this case the pilot attempted to hold the elevator fixed while
not resisting the motion of the ailerons. The oscillations at approxi-
mately 200 tiles per hour were made with the stick free.

Oscillations of both the rudder and the airplane were satlefactorlly
damped. The rtiing motions associated with the oscillations were
relatively large. The ailerons, when free (figs. 15 and 16), oscillated
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for several cycles. The pilot objected to the stick “pumping” when he
attempted to hold the stick fixed (fig. 14). The data indicate that the
ailerons tended to float in phase with the sideslip angle and the ailerm
oscillation is not attributable to the rolling of the airplane.

Wind-tunnel measurements of the directional stability gave a value
Of dC@$ of 0.002 in the flap-up, engine-idling condition. This

directi&nal stability is of a magnitude that coulclbe o%tained on ~et-
propelled sweptback+dmg airplanes without using such an unusually large
vertical.tail as that on the test airplane, because the destabilizing
effect of the ~opeller would not he ~esent.

Rudder Ucks

Rudder kicks were made at 120, 135, 160, and 200 miles per hour in
“the flap+p, engine-idling condition and at 110~ 130, and 160 miles per
hour in the flapdom, engine-idling condition. In these mneuvers the
pilot abruptly deflected the rudder and held it fixed in the deflected
position while attempting to hold the control stick fixed. T~ical time
histaries of these maneuvers are pesented in figures 17 and 18 fcu’the
fla~p, engine-idling condition and in figure 19 for the flap-down,
engine-id3.ingcondition., Ths m- sideslip angles rolling velocity,
yawing velocity, and rudder force obtained are plotted as a function of
rudder deflection in figures 20 and 21. liIthe Um+spaed teats the air-
plane turned into a spiral very raptdly and in these cases the mimm
yawing velocity used is the ftist maxq that-occurred. The data show
that at low speed where the dihedral effect is.hi@ the rudder is very
effective in producing roll; but, as with strai@t wings$ there is an
appreciable lag betwen the time of application of rudder and the time
that max3mum rolling veloclty is reached.

JkLlemm Rolls

Rudder#ixed aileron rolls were made at various speeds using power
for level flight with the flape up and down. Typicaltims histcmies of
left and right aileron rolls made at 150 miles per hour with the flaps
up are shown in figure 22. The aller~oll. data were evaluated to
determine the variation of aileron effectiveness pb/2V and aileron
stick force with aileron deflection. The data for the fla~p condition
exe shown in figure 23 and for the flap-down condition in figure 24.

At 200 miles per hour with the flaps up, 30° of aileron deflection
resulted in a %vdue of pb/2Q of 0.052 in a right roll and 0.059 in a
left roll. At lowar speeds the values of pb/2V were even smaller.
The flight values of pb/2V are considerably lower than those estimated
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dc~
~ %

by using the relation —= * and by neglecting the reduction

%p 2V

in pb/2V resulting from dihedral effect and wing twist. A value of
dCz d8a of 0.000g6 was obtained from figure U.. A vslue of Cl

I
of -0.38

P
was detemnlned by obtaining from reference 1 the value of Cz far the

P
straight wing resultlng from unsleeping the sweptback wing and multiplying
this value by the oosine of the sweepback angle. A comparison of values
of et obtained in wind-tunnel tests with values of C? found by the

P P
preceding methul show good agreement up to sweepback angles of at least 35°.
For 300 of aileron deflection pb/2V was calculated to be 0.076, with no
correctim for the effects cxfsideslip or wi~ twist.

A brief analysla showed that in flight the rolling mommt due to
dihedral effect caused a marked reduction In pb/2V. The reducticin
in pb/2V was lexgest at low speeds beaause of the higher dihedral
effect and larger sideslip angles reached in rolle at low speeds. The
wing of the test airplane had relatively low torsional ~tiffness; therefore,
even at ths moderate end low speeds tested, wing twist may have oauaed
S- reduction in pb/2V.

CONCLUSIONS

The concluslans reached concerning the lateral and directional
stability and control characteristicsof an airplane having a 35° sweptback
wing with 4@eroen*pen slots my be sunmwrized as follows:

1. Both the ruddex=free and ruddez+ixed dlreational stubillty were
positive with flapc up or down at all speeds tested.

The dfhedral effect as masured by the rate of change of
ro~& nt coefficient with angle of yaw dC dv increased frcm1/
0.0005 at a narmal<arce coefficient of 0.33 to 0.0025 at a normil<mce
coefficient of 0.94. The agreement between the flight and wind-tunnel
meaeuremmts of dihedral effect was excellent up to a ncunm?d-force
coefficient of appraxtitely O.~. Above a normal<orce coefficient
of O.~, the wind-tunnel ~asuremsmts showed dCl d~ decreasing. This

4decrease ~ have been due to the relatively low eynolds number at
which these tunnel data were obtained.

/

Direct flight measurements
of dC!zd~ were not made above a normal-force coefficient of O.gk, but
the flight velue of d~/d$ (rate of change of total aileron angle with

sideslip angle) continued to increaae and indicated that dCZ/d+ was
still increasing. A part of the increase in da id~ may have been due
to a loss in aileron effectiveness near the stal!.
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39 Oscillations of the airplane and rudder produced by abruptly
deflecting and releasing the rudder were satisfactorily dampd In all
casee. The rolling motions involved in the oscillaticms were greater
than normal, however, and the ailerons tended to flost in phase with the
sideslip angle.

4. Flight measure?mmts &&ti: ro&l#g mcment due to aileron deflec-
tion gave a velue of dCZ/d8a . . The wind-tunnel measurements

of aileron offectiveness were in excellent ~ement with the flight
meaauremmte.

5. The -imum values of win@ip helix angle pb/2V reached in
rudder-ftied aileron rolls were low. At 200 miles per hour, defletting
the ailerons a total of 30° resulted in a v83ue af pb/2V of 0.059 in
a left roll and 0.052 in a right roll. At lower apeede the values
of pb/2V were even enmller. At low speed the dihedral effect caused
a marked reduction in the values of pb/2V.

Lengl.eyMemorial Aeronautical Laboratory
National Advisay Comittee fca Aercnautios

Imgley Field, Vs., October 15, 1947
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TABLE I

DIMENSIONSAND CEARACTERIS7!ICS

Engine . . . ● ● ✎✌✎✎ . . .

.*.
● ☛☛

● ● O

● *.

● ● 9

● 9*

.

.

.

.

.

●

●

.

.

.

.

●

✎

✎

. . . . .

Diameter. ft . . . . 10.375
● * *3
. 2.23

● qoo

: ●3:$
~a-o::;

. 93.6

● ✎✎✌✎

● ✎☛☛☛

. . . . .

. . . . .
● ☛☛✎✎

✎☛ ☛☛☛

. .

. .
● ☛

✎ ✎

✎ ✎

✎☛

. . .

. . .

. . .

. . .

● ✎☛

● a.

I?umberok blade8 . .
Engine - prope~er gear ratio .

Nornd 308S w?i@t, lb. . . . . .

ImLgx
Span, ft . . . . . . . . . . ●

Area, si ft...*.*. ● ,*
Airfoilsection(normal.to wing

Root . . . . . . . . . . . .
Tip . . . . . . . . . . . .

Mean aermtynamicchord,in● ● ●

LeadingedgeMA.C.
(in.behind~.E.root chord)

Aspectratio . . . ..o. . .
Taperratio . . . . . . . . . .
Dihedral.deg . . . . . . . . .

● ● ☛✎☛

✎✎ ☛✎☛

edge)
. Modified
. Modified
● *****

● *****
.* ****
● ***.*
● ***O*
9***:.

. . . . . .
● ..***
● .*...

● ..*..

hMuung
● ● **
● ***
.***

● m*e

● ● . .

9 ● *.

● **.

66,2X-U6
66,2x-216
.

.

.
●

●

✎

✎

✎

✎

✎

✎

✎

✎

✎

✎

✎

✎

●

✎

●

●

●

●

●

●

●

●

●

●

9

●

●

●

.

.

.

●

●

●

0

.

.

●

.

●

.

.

.

.

●

.

●

●

●

●

●

9

●

●

●

●

.

.

●

●

●

.

●

●

.

.

.

.

.

.

.

9

●

●

●

.

●

.

.

.

.

.

.

.

.

●

.

*

.

.

●

.

●

.

●

.

●

✎

● 39*3
● 4.51

l.a:l.oo
● *. o●

✎

✎

●

✎

✃

●

✎

✎

✎

✎

✎

✎

●

✎

●

✎

✎

✎

✎

●

Sweepback (&percent-ohord line), deg

Plain sealed ting flap8:
Total area, aq ft.... . . . . . . .
Span (along hinge line, eaoh), In. . .
!!?rave l,de g....... . . . . . . .

AlIerona:
~ (along hinge line, eaoh), in. . .

. u .52
● 77.4
.0 45

: “6:?
● * *17

Area rearward of hinge center line, each, eq ft . .
Travel, deg . . . . . . . . . . . . . . . . . . . .

Horizontal tall:
Span,.in. . . . . . . ... . . . . . . . . . . . .
Total area, sq ft.... . . . . . . . . . . . . .
Stabilizerarea (Includingelevatorbalance), aq ft
Elevatcm area (behindhinge line), aq f% . . . . .
Distance elevatorhinge llne to L.E. of MASC., in.
Elwator travel, &eg

-d**************** ● ***o
Downward . . . . . . . . . . . . . . . . . . . .

Vertical tail:
Fixed mrface area (above horizontaltail,

Includingrudder balance),sq ft . . . . . . . .
Rudder ,mea (behindhinge line), 8q ft . . . . . .
TQtil area, af t........ ● *...*.**
Ee@talongh ingeline,in. . . . . . . . . . . .
Dietanqe elevatorhinge line to L.E. of M.A.C., in.
Rudder travel, &eg . . . . . . . . . . . . . . . .

●

: “4:?2
● 37.0
. . 9.6
● 240.9

● *35
..15

. 1$.y
● **
. 23.2
● 78.%7

.

.● ☛ 263
90 *3(3
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Figure l.- Three -view drawing of test airplane.
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Figure 2.- Front view oftestairplane.
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Figure 3.- 3ide view oftestairplane.
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Figure 4.- Section of slotand forward part ofwhvj in plane normal to wing leadingedge.
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Left Pighf

Stick -grip position, in. from neutral

Figure 5.- Variation of stick-grip position with leftand right aileron position. No load

on system,

. .
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30
4 z 0 2 4

Rearward Forward
Righ t–rudder-pedal fravel, in.

Figure 6.- Variation of right-rudder-pedal position with rudder
position. No load on system.
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20

\

40

““/2 8 4 04
Lef+ Sideslip ang/e, deg

(~) v~ = 114miles per hour;

Figure 7.- Steady sideslip characteristics with
nose wheel UP.

.

8 /2
R/ghf .

= 1,02CN .“
.

engine idling, flaps up,



NACA TN No. 1511 21

Cn
-%

$

:
Q

i!!!

tiiil

/0

o

10

/0‘

r

c ~
o b +

/0
Q ~o+ajffi~e~~

30

20

0
/

/0

20 \

P
/“

/
30 c‘

I
Maximum ~

— - Max/mum d.

/2 8

Lef%

(b) Vc =

4 0 4 & /2

Sidedjo angle, deg Righf

.

119 miles per hour; CN = 0.96.

Figure 7.- Continued.
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/2 8
.LC3ft

(c) Vc =

40 4.8/2
Sfdedlp angha &q /?/&zf
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Figure 7.- Continued.
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Figure 8.- Steady sideslip characteristics with engine idling, flaps down,
nose wheel down.
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Figure 8.- Concluded.
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Figure 9.- Variation of d6a/dp with CN as measured in .
steady side slips.
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Figure 10. - Variation of aileron angle with sideslip angle in steady
side slips with airplane asymmetrically loaded. Engine idling;
flaps up; nose wheel up.
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Figure 10. - Concluded.
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Figure 11. - Variation of rolling-moment coefficient C z with aileron

deflection ~a. Engine idling; flaps up; nose wheel up.
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Figure 12. - Variation of rolling-moment coefficient C z with yaw

angle * . Engine. idling; flaps up; nose wheel up.
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(a) Right rudder deflection.

Figure 14. - Time history of the oscillation resulting from abrupt
deflection and release of the rudder. Pilot attempted to hold control
stick fbced; engine idling; flaps up; nose wheel up; Vc = IM miles
per hour (approxi~ately).
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(b) Left rudder deflection.

Figure 14. - Concluded.
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(a) Right rudder deflection. ,

Figure 15. - Time history of the oscillation resulting from abrupt
deflection and release of the rudder. Control stick free; engine
idling; flaps up; nose wheel up; Vc = 200 miles per hour
(approximately).
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(a) Right rudder deflection.

Figure 16. - Time history of the oscillation resulting from abrupt
deflection and release of the rudder. Pilot attempted to hold
elevator fixed while not resisting aileron motion; engine idling;
flaps down; nose wheel down; Vc = 1W miles per hour
(approximately).
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(b) Left rudder deflection.

Figure 16. - Concluded.
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Figure 17. - Time histories of left and right rudder kicks. Pilot
attempted to hold elevator and ailerons fixed; engine idling;
flaps up; nose-wheel up; Vc = 120 miles per hour
(approximately).
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Figure 18.- Time histories of left and right rwdder kicks. Pilot
attempted to hold elevator and ailerons fixed; engine idling;
flaps up; nose wheel up; Vc = 198 miles per hour (approximately).



42 NACA TN No. 1511

WFFH--i
a#wt-t-H

401. I I I I

-.. al oh—l—i++

.

. .

Figure 19. - Time histories of left and right rudder kicks. Pilot
attempted to hold elevator and ailerons fixed; engine idling; flaps
down; nose wheel down; Vc = 133 miles per hour (approximately).
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Figure 20. - Variation of maximum rudder force, rolling velocity,
yawing velocity, and side slip angle with rudder deflection in
rudder kicks. Engine idling; flaps up; nose wheel up.



44 NACA TN N’o. 1511

t i 1 I 1 I 1 I 1 1 1 1“

.

.

Q-l
%ii.c . I Id

s
F /

w
/

a

10 10 fo /0
Le ff ‘Right Le f + OR@h+

Change in ruder angle, deg

.

.

.-

(c) v~ = 160 miles per hour. (d) Vc = 200 miles per hour.

Figure 20. - Concluded.
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Figure 21. - Variation of madnum rudder force, rolling velocity,
yawing velocity, and sideslip angle with rudder deflection in
rudder kicks. Engine idling; flaps down; nose wheel down.
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Figure 22. - Time histories of rudder-fixed left and right aileron rolls.
Engine idling; flaps up; nose wheel up; Vc = lW miles per hour.
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Figure 23. - Variation of aileron stick force and wing-tip helix angle —2V

with change in total aileron angle in rolls with rudder fixed. Power
for level flight; flaps up; nose wheel up.
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Variation of aileron stick force and wing-tip helix angle —
N

with change in total aileron angle in rolls with rudder fixed. Power
for level flight; flaps down; nose wheel down.
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